Sea-viewing Wide Field-of-view Sensor reveal a "tongue" of elevated near-surface chlorophyll that extends into the Southern California Bight from Point Conception. A local chlorophyll maximum at the western edge of the bight, near the Santa Rosa Ridge, indicates that the chlorophyll is not solely due to advection from Point Conception but is enhanced by local upwelling. Chlorophyll in the bight peaks in May and June, in phase with the seasonal cycle of wind stress curl. The spatial structure and seasonal variability suggest that the local chlorophyll maximum is due to a combination of bathymetric influence from the Santa Rosa Ridge and orographic influence from the coastline bend at Point Conception, which causes sharp wind stress curl in the bight. High-resolution glider observations show thermocline doming in May-June, in support of the local upwelling effect. Despite the evidence for local wind stress curl-forced upwelling in the bight, we cannot rule out alternative mechanisms for the local chlorophyll maximum, such as iron supply from the ridge. Covariability between chlorophyll, surface wind stress, and sea surface temperature (SST) indicates that nonseasonal chlorophyll variability in the bight is closely related to SST, but the spatial patterns of SST influence vary by time scale: Subannual chlorophyll variability is linked to local wind-forced upwelling, while interannual chlorophyll variability is linked to large-scale SST variations over the northeast Pacific. This suggests a greater role for nonlocal processes in the bight's low-frequency chlorophyll variability.
Introduction
The Southern California Bight is distinct from other regions of the California Current System (CCS), characterized by a wide continental margin and orographic influence from the coastline bend at Point Conception (Hickey, 1998) . The coastline bend shields the inner part of the bight from the strong alongshore wind stress that prevails in the immediate regions to the north and south, resulting in strong wind stress curl in the bight (Bakun & Nelson, 1991; Koracin et al., 2004; Seo et al., 2012) .
The seasonal cycle of wind stress curl in the bight peaks in May and June, helping to force a cyclonic surface circulation in the southern CCS, with peak poleward flow in the bight during summer (Bray et al., 1999; Di Lorenzo, 2003; Lynn & Simpson, 1987; Todd et al., 2011) . The poleward flow advects warm and salty water into the bight, creating a sea surface temperature (SST) front between the coast and cold upwelled water further offshore.
Interannual variability in the CCS region is due to a combination of remote and local forcings. The El Niño-Southern Oscillation (ENSO) influences the CCS via coastally trapped waves (Chelton & Davis, 1982; Dottori & Clarke, 2009; Enfield & Allen, 1980) and via an atmospheric teleconnection that typically weakens upwelling winds during El Niño events (Schwing et al., 2002) . However, there is considerable variation among CCS responses to individual El Niño and La Niña events (Fiedler & Mantua, 2017; Jacox et al., 2015) ; for example, wind anomalies were upwelling favorable for the 2015-2016 El Niño (Frischknecht et al., 2017; Jacox et al., 2016) . Water mass anomalies in the CCS are also generated by anomalous advection Freeland et al., 2003; , sometimes unrelated to ENSO.
Biological properties of the CCS also exhibit prominent seasonal and interannual variability (Venrick, 2012) . Regular observations of physical and biological properties have been made since the late 1940s through the California Cooperative Oceanic Fisheries Investigation (CalCOFI), while satellites such as the Sea-viewing Wide Field-of-view Sensor (SeaWiFS; 1997 -2010 and the Moderate Resolution Imaging Spectroradiometer (MODIS; 2002 to present) have measured chlorophyll with near daily sampling since the late 1990s. Although these satellites only measure chlorophyll near the surface (Yoder & Kennelly, 2006) , the vast increase in spatial and temporal sampling that satellites provide has enabled the study of how physical and biological properties are linked over a range of scales (McClain, 2009 ).
Prior to SeaWiFS and MODIS, the coastal zone color scanner (CZCS) observed the highest CCS chlorophyll values within a few hundred kilometers of the coast Thomas et al., 1994) , where the seasonal cycle peaks during the spring and summer upwelling season. The peak chlorophyll occurs 1-2 months earlier off of Baja California than in the central and northern CCS, due to the earlier onset of upwelling winds in the southern CCS (Legaard & Thomas, 2006) . SeaWiFS observed dramatic negative chlorophyll anomalies in the CCS during the 1997-1998 El Niño event (Kahru & Mitchell, 2000; Legaard & Thomas, 2006) . Empirical orthogonal function (EOF) analyses of the longer SeaWiFS and MODIS records have shown that chlorophyll varies in phase over much of the CCS on interannual time scales (Jacox et al., 2016; Thomas et al., 2009 Thomas et al., , 2012 ; this regional-scale chlorophyll variability is closely associated with variations in SST and sea level, and presumably nutrient availability.
Here we utilize satellite observations of chlorophyll, SST, sea level, and surface winds to identify an upwelling hot spot in the Southern California Bight. An example of this feature is given in Figure 1 , which shows MODIS SST and chlorophyll for the 8-day period beginning 18 June 2005; a prominent "tongue" of cold SST and high 
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chlorophyll extends from Point Conception into the bight. The tongue feature also appears in chlorophyll climatology, above the Santa Rosa Ridge (Figure 2 ).
The chlorophyll tongue was identified in early CZCS satellite images: Pelaez and McGowan (1986) described the "latitudinal boundary" that forms the southern edge of the tongue, and Thomas and Strub (1990) considered the seasonal and interannual variability of the same frontal zone, which is sometimes referred to as the Ensenada Front (Chereskin & Niiler, 1994; Landry et al., 2012) . Note that Pelaez and McGowan (1986) hypothesized that advection from the high chlorophyll region near Point Conception was responsible for the tongue, but this study emphasizes the role of local wind stress curl-forced upwelling in enhancing the tongue.
We build on Pelaez and McGowan (1986) and Thomas and Strub (1990) by synthesizing observations from multiple satellites over the 1997-2017 period, long enough to consider the seasonal cycle and interannual variability, including two strong El Niño events. Our multisatellite approach is similar to Venegas et al. (2008) , who focused on the northern CCS, but we supplement our seasonal analyses with in situ glider observations (section 3.2). Section 2 describes our data and method, section 3 describes seasonal variability, section 4 describes nonseasonal variability, and section 5 closes with a summary.
Data and Method
The primary data for this study are chlorophyll and SST observations from the MODIS Aqua satellite, available from 2002. Chlorophyll concentrations in the near-surface ocean are estimated from MODIS observations of ocean color (Hu et al., 2012 , 2018b) . Chlorophyll data are often nearly log-normally distributed (Campbell, 1995; Gaube et al., 2013 ), so we log-transform the MODIS and SeaWiFS chlorophyll data prior to computing the seasonal cycle and anomalies.
Orbiting satellite scatterometers provide daily observations of surface wind stress and surface winds over the global oceans by measuring the microwave backscatter from gravity-capillary waves (see Chelton & Freilich, 2005 , for an overview of scatterometry). The Quick Scatterometer (QuikSCAT) provided high-quality, 25-km-scale global wind observations from 1999 to 2009. We use the Jet Propulsion Laboratory QuikSCAT version 3.1 vector winds (Fore et al., 2014; SeaPAC, 2013) ; these are "level 2" data (provided on a grid within the satellite swath) with ∼12.5-km grid spacing. We compute surface stress from the equivalent neutral wind using the modified Large and Pond (1982) neutral-stability drag coefficient and compute spatial derivatives in-swath via line integrals, as advocated by O'Neill et al. (2015) . We map the surface winds, stress, and spatial derivatives to a 0.25 ∘ grid (Kilpatrick & Xie, 2016) . For our analyses of the seasonal cycle in the Southern California Bight (section 3), we focus on the overlap period with MODIS, November 2002 to October 2009. For our analyses of nonseasonal variability, we utilize surface wind stress from the ERA-Interim reanalysis (Dee et al., 2011) , available on a ∼0.7 ∘ grid. ERA-Interim covers the combined period of SeaWiFS and MODIS chlorophyll observations (1997-2017) , which includes two strong El Niño events. Note that ERA-Interim winds show excellent agreement with QuikSCAT winds for 1999-2009, presumably because QuikSCAT winds are assimilated into the model. For nonseasonal, regional-scale SST variability we utilize Reynolds et al. (2007) Optimum Interpolation Sea Surface Temperature (OISST) version 2, which combines advanced very high resolution radiometer satellite SST observations with ship and buoy observations, from 1985 to present.
To diagnose surface circulation in the region, we utilize the Copernicus Marine Environment Monitoring Service global ocean gridded level 4 reprocessed sea level anomaly and absolute dynamic topography (formerly distributed by Archiving, Validation, and Interpretation of Satellite Oceanographic (AVISO) data), which is on a 0.25 ∘ grid. Observations from the Topex/Poseidon, Jason-1, Jason-2, Jason-3, ERS-1, ERS-2, and Envisat satellite altimeters are merged to form the sea level anomaly and absolute dynamic topography (CMEMS Product User Manual, 2018). The mean dynamic topography used to form the absolute dynamic topography is based on data from the 1993-2012 period (Mulet et al., 2013) . 
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We utilize CalCOFI hydrographic and chlorophyll data along Line 90 ( Figure S2c in the supporting information) to corroborate the satellite observations. We determine the seasonal cycle of log 10 (Chl) and potential density via a least squares regression fit to the annual cycle and its first harmonic (see Kim & Cornuelle, 2015) .
Here we define the seasonal climatology (section 3) of a given variable as the mean value for each calendar month and nonseasonal variability (section 4) as the departure from that seasonal climatology. For our analyses of nonseasonal variability we apply a low-pass filter to chlorophyll and SST time series, in order to separate low-frequency variations that are associated with large-scale climate variability from high-frequency variations forced by local winds; we use a tanh filter in frequency space, with the filter amplitude reduced to 50% at a frequency of 1 cpy.
Seasonal Variability

Satellite Observations
Near-surface chlorophyll has strong seasonal variability in the CCS, as shown in early CZCS observations Thomas et al., 1994; . The seasonal climatology observed by MODIS for the Southern California Bight, 2002 Bight, -2009 , is shown in Figure 3 . The largest chlorophyll values in this region are seen in the Santa Barbara Channel in April and May, but of interest here is the tongue of high chlorophyll that extends into the bight along the Santa Rosa Ridge, from roughly April to August. A local chlorophyll maximum appears along the tongue at ∼33.1 ∘ N, near San Nicolas Island, from May to August. The collocation of the local chlorophyll maximum and the Santa Rosa Ridge is more clearly visible in Figure 2 , which shows the June climatology.
Figure 3 also shows the seasonal cycle of absolute dynamic topography and QuikSCAT surface wind stress for [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . Monthly mean winds are upwelling favorable year-round at this latitude, but the strong seasonal modulation of the winds, with peak wind stress and wind stress curl in the bight in May-June, has a strong influence on the CCS circulation (Marchesiello et al., 2003) .
In response to the seasonal cycle of wind stress and wind stress curl, equatorward flow west of the Santa Rosa Ridge strengthens in April, and poleward flow in the bight develops as part of a cyclonic circulation known as the Southern California Eddy (Bray et al., 1999; Lynn & Simpson, 1987; McCreary et al., 1987) . The peak poleward flow occurs in June through August, lagging the strongest winds by ∼2 months. The region of strongest equatorward flow propagates west from April to August, part of a seasonal Rossby wave (Di Lorenzo, 2003; Todd et al., 2011) . By December and January, the offshore equatorward flow is diffuse and the nearshore poleward flow is weak. Figure 4 shows the seasonal cycle of QuikSCAT wind stress curl (color), with MODIS SST (black) and chlorophyll (green) overlaid. The maximum wind stress curl observed by QuikSCAT exceeds 8 ×10 −7 kg⋅m −2 ⋅s −2 in May. Sampling in the bight is improved in QuikSCAT version 3.1 due to its reduced land mask (Stiles 2016), but land contamination still obscures the inner part of the bight. Nevertheless, wind stress curl in the bight in QuikSCAT version 3.1 is up to 50% larger than in earlier QuikSCAT versions that suffered more from land contamination (e.g., Risien & Chelton, 2008) . (Note that preliminary analyses of QuikSCAT version 4.0 winds indicate further improvements in coverage in the northern part of the bight but show a similar wind distribution near the local chlorophyll maximum [not shown].) SST contours in Figure 4 , though noisy due to sampling variability caused by stratiform clouds (e.g., Clemensha et al., 2016) , show that a cold SST tongue develops in phase with the chlorophyll tongue (note that SST contours in the bight are clearer after July, when cloud cover is less persistent). In May through August, "kinks" are visible in the SST contours near 33.3 ∘ N, consistent with the cooling effect of wind stress curl-forced upwelling; these cool SST kinks are absent in the NOAA OISST product (not shown). A cross-shore SST gradient develops to the east of the Santa Rosa Ridge and peaks in June, with a maximum change of 2 ∘ C over less than 50 km. Figure 5a is a Hovmöller diagram of the same MODIS log 10 (Chl) monthly climatology, with QuikSCAT wind stress curl and sea level overlaid, for a zonal section at 33.1 ∘ N. The seasonal coevolution of chlorophyll, winds, and SST is more clearly visible than in the previous plots; the chlorophyll maximum over the Santa Rosa Ridge (∼119.6 ∘ W) is in phase with wind stress curl (black contours), both peaking in May-June. This seasonality appears to be consistent with early SeaWiFS observations (e.g., Kahru & Mitchell, 2001) . Note that the chlorophyll maximum remains over the Santa Rosa Ridge, despite the wind stress curl maximum being located at least 50 km to the east (it is not clear whether QuikSCAT resolves the location of the wind stress curl maximum at this latitude, since the land mask obscures the inner part of the bight).
The sea level contours (white) show the spin-up of the Southern California Eddy in response to the wind stress, with equatorward flow to the west of the ridge. Because the largest chlorophyll values in this region occur upstream near Point Conception (Figure 2a ), our null hypothesis to explain the May-June chlorophyll maximum in the bight might be advection of chlorophyll from Point Conception (e.g., Pelaez & McGowan, 1986) . However, as shown in Figures 3 and 4 , a local chlorophyll maximum occurs in the bight, which contradicts this advection hypothesis. Figure 5 also indicates that the location of the chlorophyll maximum at 33.1 ∘ N remains over the Santa Rosa Ridge, while the strongest equatorward currents drift west from June to August due to the seasonal Rossby wave (Di Lorenzo, 2003; Todd et al., 2011) .
We overlay the MODIS high-resolution infrared daytime SST contours on the chlorophyll Hovmöller diagram in Figure 5b . The SST minimum along this zonal section is located above or slightly to the west of the chlorophyll maximum; SST increases sharply to the east of the Santa Rosa Ridge. We note that the SST gradient east of the ridge is poorly represented in the OISST product ( Figure S1 in the supporting information), which smooths the SST gradient across the chlorophyll maximum.
Glider Observations Along Line 90
Satellite observations of chlorophyll, winds, sea level, and SST give varying perspectives on the surface ocean but cannot reveal the vertical structure of the seasonal upwelling and chlorophyll variability in the bight. Glider data have been collected nearly continuously in this region since 2007 (Rudnick et al., 2017) along Line 90, which intersects the southern part of the chlorophyll tongue (Figure 4 , thin dashed line in May-July panels) during the upwelling season.
Glider sections for May-June show isopycnals doming above the Santa Rosa Ridge (Figure 6a ) and an SST minimum located ∼50 km to the southwest of the ridge. By contrast, isopycnal doming is muted in November-December (Figure 6b ). Figure 4 ) measured by gliders (Rudnick et al., 2017) . The abscissa coordinate is distance from shore. Above the Santa Rosa Ridge (∼170 km from shore), doming of isopycnals is apparent in May-June (a) but muted in November-December (b).
The local upwelling cell that is revealed in Figure 6a is concealed in CalCOFI annual mean climatology (e.g., Bograd & Lynn, 2003) . It does appear in CalCOFI seasonal mean plots ( Figure S2 ), though the structure is only coarsely resolved due to the ∼50-km spacing of CalCOFI stations, thereby illustrating the utility of glider observations, whose horizontal resolution is ∼3 km. Rudnick et al. (2017) noted the temperature minimum above the Santa Rosa Ridge in glider climatology and speculated that it may be due to increased mixing or local upwelling. Johnston and Rudnick (2015) analyzed mixing along Line 90 in some detail and found enhanced mixing above the ridge, with forcing by both the diurnal and semidiurnal internal tides.
The satellite and glider data presented thus far support our hypothesis that wind stress curl-forced upwelling is responsible for the local chlorophyll maximum present in the western part of the bight from May to August. However, other mechanisms may contribute to the location, strength, and timing of the local chlorophyll maximum.
One such process is iron supply from the Santa Rosa Ridge. Recent studies have shown some evidence of iron limitation in this region (King & Barbeau, 2007 , so it is plausible that iron from the ridge could be mixed through the water column and contribute to the annual mean chlorophyll distribution. Observations of vertical mixing along Line 90 show little seasonal variability ( Figure 9 in Johnston & Rudnick, 2015) , however, so it seems unlikely that iron supply by the ridge is responsible for the seasonally varying chlorophyll tongue shown in Figures 3 and 5 . Nevertheless, without more comprehensive observations of iron and species composition in the chlorophyll tongue, we cannot rule out the iron supply hypothesis.
Nonseasonal Variability
Covariability of Chlorophyll and SST
Here we analyze nonseasonal chlorophyll variability in the Southern California Bight for 2002-2017. The standard deviation of MODIS log 10 (Chl) anomalies (Figure 7 ) resembles the seasonal chlorophyll maps for spring and summer (cf. Figure 3) , with the highest values along the coast in the Santa Barbara Channel, Santa Monica Basin, and San Pedro Basin and in a tongue that extends into the bight. To represent chlorophyll variability in the bight, we area-average the log-transformed MODIS chlorophyll over the box shown in Figure 7 To evaluate the spatial scales of variability associated with the time series in Figure 8 , we regress SST over the greater CCS region onto the high-pass and low-pass log 10 (Chl) time series. The SST regression pattern for the high-pass chlorophyll time series (Figure 9a ) shows cool anomalies extending southwest from Point Conception and central California and warm anomalies in a band extending southwest from the Oregon and Washington coasts.
ERA-Interim wind stress regressions onto the high-pass chlorophyll time series are consistent with the SST patterns, with upwelling favorable wind anomalies collocated with the cool SST anomalies off Point Conception and downwelling favorable wind anomalies north of that. The dipole in wind anomalies suggests that the subannual bight chlorophyll variations are associated with meridional shifts in the subtropical high-pressure system that modulates alongshore winds on the North American west coast. The southern CCS wind anomalies in Figure 9a include strong wind stress curl in the Southern California Bight, consistent with Rykaczewski and Checkley (2008) . Note that Figure 9a shows the regression pattern constructed using data from May-July only; including data from all months results in a similar regression pattern, albeit with a weaker amplitude (not shown).
The dipole in wind stress anomalies seen in Figure 9a is consistent with two recent studies that show wind anomalies in the southern CCS and northern CCS are negatively correlated on synoptic time scales (Fewings, 2017; Fewings et al., 2016) . Fewings (2017) hypothesizes that the wind dipole along the North American west coast would drive opposite-signed upwelling anomalies; this hypothesis appears to be confirmed by Figure 9a .
A very different SST pattern is obtained from regressing unfiltered NOAA OISST anomalies and ERA-Interim wind stress anomalies onto the low-pass log 10 (Chl) time series (Figure 9b ). The SST pattern is same signed, indicating that positive low-pass chlorophyll anomalies in the bight are associated with cool SST over the entire CCS region. ERA-Interim wind stress anomalies regressed onto the low-pass chlorophyll indicate upwelling-favorable wind anomalies with peak amplitude off central California and weak amplitude off Point Conception. Sea level anomalies regressed onto the low-pass chlorophyll indicate low coastal sea level throughout the CCS. Wind anomalies are weak off Baja California and the Southern California Bight, suggesting that SST and sea level anomalies there are remotely forced.
We utilize NOAA OISST instead of MODIS SST for the regression onto low-pass chlorophyll to span the combined observation period of SeaWiFS and MODIS (1997-2017) , which includes two strong El Niño events. The MODIS SST regression onto low-pass log 10 (Chl) for 2002-2017 looks similar to Figure 9b (not shown). The spatial pattern of SeaWiFS chlorophyll variance ( Figure S3 ) looks similar to MODIS chlorophyll variance (cf. Figure 7) , and the two sensors show excellent agreement in the bight for the overlap period of 2002-2010 ( Figure S4 ).
Previous analyses of satellite data have shown that chlorophyll, SST, and sea level anomalies show coherent interannual variations along the west coast of North America (e.g., Thomas et al., 2012) . However, we are not aware of any prior studies that have demonstrated the distinct SST and wind stress patterns associated with subannual chlorophyll variations in the bight (Figure 9a ). Figure 9 shows distinct SST patterns associated with subannual and interannual chlorophyll variability in the Southern California Bight. The dipole in SST and alongshore wind stress anomalies associated with subannual chlorophyll variability (Figure 9a ) suggests that the high-frequency "spikes" seen in the chlorophyll and SST time series (Figure 8 ) are forced by local wind stress anomalies.
Interpretation of Distinct SST Patterns
In contrast, the SST pattern associated with low-pass chlorophyll variability in the bight (Figure 9b) shows cool SST over the entire CCS region. The spatial pattern of wind stress anomalies is consistent with upwelling anomalies near Cape Mendocino (∼40 ∘ N), but not off the Oregon and Washington coast, and not in the southern CCS. Interannual SST variability in the CCS is dominated by large-scale events like ENSO and the marine heat wave ("blob") of (Bond et al., 2015 . The CCS SST anomalies associated with these large-scale events are generated primarily through nonlocal forcing; for example, SST anomalies in the CCS were positive during the 2015-2016 El Niño despite upwelling-favorable wind anomalies (Frischknecht et al., 2017; Jacox et al., 2016) . To highlight the nonlocal forcing of interannual SST variability, we perform maximum covariance analysis (MCA) in the Southern California Bight region for 1997-2017. MCA analysis is also known as singular value decomposition of the covariance matrix for two fields (Bretherton et al., 1992) and identifies the spatial patterns that maximize covariance between two fields, analogous to how an EOF analysis identifies the pattern that accounts for the most variance in one field. The dominant pattern of covariability between wind stress and SST does a poor job of explaining the large warming during the 1997-1998 El Niño, the 2014-2015 marine heat wave, and 2015-2016 El Niño ( Figure S6 ).
We hypothesize that the strong relationship between chlorophyll and SST in the bight is due to the close relationship between SST, thermocline depth, and nutrient availability; that is, low-frequency variations in chlorophyll are likely related to low-frequency variations in nutricline depth. The low-frequency thermocline depth variations are largely of nonlocal origin and propagate into the CCS region via coastally trapped waves. The negative coastal sea level anomalies in Figure 9b suggest that anomalous alongshore advection Kilpatrick et al., 2011; ) also contributes to low-frequency nutrient anomalies in the CCS.
Lastly, we summarize correlations between the bight chlorophyll anomaly and the unfiltered Niño 3.4, Niño 1+2, Pacific Decadal Oscillation (Mantua et al., 1997; Schneider & Cornuelle, 2005) , and North Pacific Gyre Oscillation (NPGO; Di Lorenzo et al., 2008) indices in Table 1 . The p = 0.01 levels for these correlations are estimated from the "random phase test" (Ebisuzaki, 1997) .
The El Niño and Pacific Decadal Oscillation correlations exceed the p = 0.01 level for this time period, which is not surprising since chlorophyll is so closely linked to SST. Note that chlorophyll is correlated more strongly to Niño 1+2 than to Niño 3.4, hinting that El Niño influences chlorophyll in the bight more through coastally trapped waves than through atmospheric teleconnections. The NPGO is correlated at only the p = 0.08 and p = 0.14 levels to the unfiltered log 10 (Chl) and low-pass log 10 (Chl) time series, respectively. The weak correlations to the NPGO are somewhat surprising since Di Lorenzo et al. (2008) showed the NPGO is correlated with low-frequency CCS variability in chlorophyll and nutrients over [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] . Some of this discrepancy may be due to the different time periods, and some due to our use of satellite observations in a relatively small area, whereas Di Lorenzo et al. (2008) considered CalCOFI observations over the larger southern CCS region.
Summary
Satellite observations from MODIS reveal a chlorophyll tongue that extends from Point Conception into the Southern California Bight, along a bathymetric feature known as the Santa Rosa Ridge (Figure 2) . A local chlorophyll maximum is visible in the bight from May to July (Figure 3) , suggesting that the chlorophyll is not simply advected into the bight but is enhanced by local processes in the bight. Chlorophyll in the bight peaks from May to June, in phase with the seasonal cycle of QuikSCAT wind stress curl, suggesting a central role for Ekman pumping. However, the chlorophyll maximum remains above the Santa Rosa Ridge through the upwelling season, while the wind stress curl maximum is ∼50 km to the east ( Figure 5 ), pointing to the joint influence of orographic winds and bathymetry. Glider observations corroborate the local upwelling cell ( Figure 6 ).
We find a negative correlation between chlorophyll and SST anomalies in the bight across time scales (Figure 8 ). Strong month-to-month or subannual chlorophyll variability is associated with local wind-forced upwelling (Figure 9a ). In contrast, low-frequency chlorophyll variability in the bight is associated with SST variability that is coherent over the whole CCS (Figure 9b ). Large-scale SST variability associated with ENSO and the 2014-2015 marine heat wave is primarily forced by nonlocal processes, suggesting a greater role for nonlocal forcing in the bight's low-frequency chlorophyll variability.
The upwelling hot spot we find in the Southern California Bight is reminiscent of orographic wind jets in the lee of Hawaii's Big Island (Chavanne et al., 2002; Xie et al., 2001 ) and in the Canary Islands (Basterretxea et al., 2002) . The coastline bend at Point Conception shields the inner part of the bight from the strong alongshore winds that prevail over other parts of the CCS and results in positive wind stress curl that peaks 100-150 km from shore (Figures 2a and 4) . However, the Southern California Bight differs from these other regions in the bathymetric influence of the Santa Rosa Ridge, which appears to anchor the upwelling cell and chlorophyll maximum.
Although the satellite and glider data presented here are consistent with our hypothesis of wind stress curl-forced upwelling causing the local chlorophyll maximum in the bight, we cannot rule out alternative mechanisms such as iron supply from the ridge. Recent studies have shown some evidence of iron limitation in the bight (King & Barbeau, 2007 , so it is plausible that iron supply from the ridge could contribute to the location, strength, and timing of the chlorophyll tongue. However, glider data show little seasonal variability in vertical mixing along Line 90, so we think it is unlikely that iron supply from the ridge causes the seasonally varying chlorophyll tongue, especially in light of the observed relation between chlorophyll and temperature at seasonal (section 3) at nonseasonal (section 4) time scales.
Several studies have emphasized the importance of bathymetry for the bight's surface circulation (Dong et al., 2009 (Dong et al., , 2012 Hickey, 1992) , but the mechanisms that maintain the chlorophyll maximum above the ridge are unknown. The linear Ekman pumping invoked above seems inconsistent with the apparent displacement between the local chlorophyll maximum and the wind stress curl maximum ( Figure 5 ). Numerical experiments would be helpful to determine the relative importance of processes such as Ekman pumping and tidal mixing (e.g., Johnston & Rudnick, 2015) . A field experiment could help determine whether elevated chlorophyll in the tongue is due to macronutrient supply, as hypothesized here, or other mechanisms such as iron supply from the ridge; the species composition in the tongue might help determine how much of the chlorophyll is due to advection from Point Conception, and how much is due to local upwelling.
